Forecasts of Denitrifying PSCsfor SOLVE-2
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Plan:
Apply modelling approad used to analyse PSCs during the SOLVE
winter [Drdla et al., JGR, 2007 to forecasting the SOLV E-2 winter

Outline:

1) Key aspeds of the moded

2) Sample forecast products

3) PSC formation so far this winter



|IMPACT M odel

“Integrated MicroPhysics and Aerosol Chemistry on Trajedories’

Full microphysics model with PSCs, heterogeneous chemistry, and

gas-phase dhemistry

® Calculatesfull sizedistribution for ead passble PSC type

® Processsinclude freeang, nucledion, competiti ve growth,
evaporation, and sedimentation

® Mie optics code provides extinction and badkscater

Biggest problem: no consensus on processes that form PSCs
® Use multiple scenarios to explore range of proposed theories
® Determine regions where

® PSCsare most likely to be present, or

® Modelscan be most effedively tested

Focus on PSCs that cause denitrificaion (aka Type la PSCs)



M odel Scenarios

|ce Freezing Only
lceFrz: T<T,.(synopticdly) necessary for NAT PSCs
I.e.. Walbdl et al. [Science, 1999

Homogeneous freezing to NAT (NAD)
® Freezng ocaursin a “freeang belt” (-8K < T-Tyat < -5K)
[Tabazaleh et a., Science, 2007
SalcFrz: Freezng rates of Salcedoet a. [JPC A, 200]]
SurfFrz. Faster freeang rates from Tabazaleh et a. [JPC A, 2007

Heterogeneous freezing to NAT (NAD)
HetFrz: 0.02% of particlesfreeze aT-T 1 = -1K
MetFrz: Meteoritic material [Cziczo et al., Science, 2001
promotes temperature-dependent freezng
Parameters tuned to match SOLV E winter

MISSING: Leewaves (at least at current time...)



Trajectory dataset

L arge dataset of trgjedories creded to fill t he vortex horizontally and
verticdly
® |sentropic trgedories cdculated using NCEP 1x1 analyses
® First set initialized to fill vortex (200kmx200kmx25K) on
Dec 1st
® 475t0 750K
® 9595total trajedories
e Additional set will beinitialized onJan. 1st

All trgedories followed from Nov. 15th onwards, regularly updating
with newest analyses
® 120 hou NCEP forecasts provide forecast trgjedories

Note: Eadch trgedory is modell ed separately
® Allowsresolutionto be deaeased for rapid ssmulations, or
increased in spedfic regions of interest






Planned For ecast Products
(Feedbad welcomel!)

1) Maps of PSC locaion and cenitrificaion
® maps on every theta surfacewhere PSCs are present
® summary maps integrating al theta surfaces

2) Profil es at representative locaions
® extinction, denitrificaionrate

Other model products, avail able uponrequest, include:
® badkscater

® dehydration

® chlorine adivation

® ozonreloss



PSC Regions at 525 K on 02120212
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PSC Regions at 525 K on 02120612

—— ez
SalcFrz
s SUrfFrz
MetFrz
HetFrz




HetFrz PSCs at 525 K on 02120612

No PSCs
Trace STS
Trace NAT
STS PSCs
e  Mixed PSCs
e NAT PSCs




Profile on 02120612 at 70N, 45E
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Profile on 02120612 at 70N, 45E
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Maximum Denitrification at 525 K on 02120612

Denitrification (%)



Denitrified Regions at 525 K on 02120612
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HetFrz Denitrification at 525 K on 02120612
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PSC Regions at 550 K on 02121312
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Maximum Denitrification at 550 K on 02121312
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Denitrified Regions at 550 K on 02121312
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HetFrz Denitrification at 550 K on 02121312
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Potential Temperature (K)

PSC Processing by 02121312
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PSC Processing by 02121312
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Summary

120-hou forecasts of PSCswill be avall able daily

® Provide PSC type, denitrificaion, and extinction, based onseverd
different current theories of PSC formation

® Enableidentificaion d regions where PSCs are most likely to be
present, and regions that will best diff erentiate between the
different PSC theories

Widespread PSC formationindicated alrealy this winter

® PSC temperatures present at 475-550K sinceNov. 18th
® ~70% of vortex has adivated chlorine

® ~40% of vortex may be denitrified by 10-50%

Will MKIV flight provide apre-winter reference profile?
How will this processng affed condtionsin January?



